Abstract. Spectral acceleration and acceleration time histories are the two seismic loads generally used for dynamic analysis of a building. The structural design of buildings is implemented using spectral acceleration at the ground surface obtained from the national seismic code. However, acceleration time histories are developed from specific earthquake events and implemented for building evaluation. This paper presents building evaluations of three existing buildings located in Semarang with heights of at least 40 m. The buildings were built on three different soil types, that is, hard, medium and soft soils. The evaluation was performed by conducting two component north-south and east-west directions of acceleration time histories modified from Semarang fault earthquake scenarios having a magnitude of 7 Mw and maximum epicentre distance 15 Km. Due to incomplete data on Semarang fault earthquakes, the acceleration time histories incorporated herein were collected from worldwide earthquake data bases and modified using response spectral matching and seismic propagation analysis. Stability analyses in terms of structural deformation and drift ratio were carried out for the three buildings. The results show that all three buildings have the capability to resists earthquakes up to a maximum magnitude of 6.5 Mw with an epicentre distance of over 5 Km.
Introduction
Stability analysis from earthquake event scenarios is one of the important methods of evaluating the stability of the structure. The analysis is performed by taking acceleration time history data generated from earthquake events as the input earthquake load on the structure. The objective of this analysis is to obtain the resistance of the structure when subjected to an earthquake in terms of magnitude and distance. The stability of a structure is evaluated with respect to the deformation and internal drift ratio caused by earthquake forces and response spectral acceleration models. Response spectral acceleration data are obtained from national seismic codes. It is difficult to obtain seismic load data or acceleration time histories from a specific earthquake event. Civil engineers will only use seismic data from strong earthquake events for structural design and evaluations. Acceleration time histories are one of the important seismic load models that should be taken into account when evaluating the stability and stiffness of buildings.
Inter-story drift and lateral stability evaluation of tall buildings in Semarang has already been carried out for eight buildings by incorporating single-direction acceleration time histories [1] . The analysis was performed using acceleration time histories developed from Lasem fault earthquake scenarios (strike slip mechanism) with a maximum magnitude of 7 Mw and a maximum epicentre distance of 15 Km. Out of eight buildings, three are unable to resist earthquake forces caused by Lasem fault earthquake scenarios with a magnitude greater than 6.5 Mw and an epicentre distance of less than 10 Km. This paper presents a similar analysis for three buildings (hospital, hotel, and university buildings) with respect to two components or directions (north-south (NS) and east-west (EW)) of Semarang fault earthquake scenarios.
Geotechnical and geological informations
Site classification of Semarang in terms of shear wave velocities (V s30 ) was carried out by interpreting the results of boring investigations with a minimum depth of 30 m [2, 3] . The V s30 values of the buildings were estimated following the method proposed by [4] . To perform the V s30 calculation, all N-SPT (Standard Penetration Test) data for the top 30-metre soil layers of each boring location were first modified into shear wave velocity (Vs) values using three empirical correlation equations proposed by [5, 6, and 7] . The site soil class of each building location may be predicted following the method proposed by [4] using the V s30 value.
Surface acceleration time histories used for structural analysis were developed using Site Specific Analysis (SSA). Important data needed for SSA are the acceleration time histories at bedrock elevation, the bedrock elevation and the soil profile from bedrock elevation to surface. Soil profile data for SSA were collected from boring investigations with a minimum depth of 30 m. Data collected from boring and laboratory investigations are N-SPT, soil density, type of soil and the thickness of each soil layer. Bedrock elevation was predicted by performing a Single Station Feedback Seismometer test using ambient noise vibrations [8] . Table 1 shows the building dimension, the geotechnical data in terms of site class, the predicted bedrock elevation and the distance from buildings to Semarang fault trace. SC, SD and SE stand for hard, medium and soft soil class, respectively. 
Development of acceleration time histories
New Indonesian seismic hazard maps were developed in 2017 by National Center for Earthquake Studies [9] . The Semarang fault is an important earthquake source which may produce seismic waves for Semarang. Based on Indonesia's seismic hazard maps 2017, the Semarang fault has a reverse slip mechanism. Table 2 shows the seismic parameters of the Semarang fault. It includes the seismic magnitude that should be taken into account in seismic hazard analysis and mitigation for the whole area of Semarang. Since there are no data for Semarang fault earthquakes with a magnitude of 6.5 Mw, acceleration time histories incorporated in this research were obtained from the ground motion in worldwide databases of strong earthquakes. In this research, four acceleration time histories representing Semarang fault earthquake events were obtained from the Pacific Earthquake Engineering Research (PEER) NGA West-2 Database. All the acceleration time histories incorporated in this study have similar seismic mechanisms, magnitudes, and epicentre distances to the Semarang fault earthquake scenarios. These acceleration time histories also depend on the position of each building in relation to the Semarang fault trace. Table 3 shows the acceleration time histories used in the analysis. Acceleration time histories collected from the PEER NGA West-2 database should be modified to match the time histories of Semarang fault earthquakes using response spectral matching analysis. The modified acceleration time histories were then propagated to surface elevation to obtain surface acceleration time histories using SSA [10] [11] [12] . Response spectral matching and SSA for all three buildings were implemented using the same steps as were used in [1] and Nera Software [13] .
Structures analysis
The structural analysis is carried out on a 3D structural model to get the story drift and drift ratio due to load combinations of live load, dead load and seismic force. Seismic force was implemented by conducting two model earthquake forces, namely two directions (X and Y directions) of surface spectral acceleration and two components of surface acceleration time histories. The surface spectral acceleration used in the structural analysis was implemented from the surface spectral acceleration developed based on SNI-03-1726-2012 [4] . The analysis of the buildings was also performed using two components (N-S and E-W directions) of acceleration time histories. Figures 1(a) and 1(b) show two components of the acceleration time histories (N-S and E-W directions) of the Iwate Japan earthquake with a magnitude of 6.9 Mw and an epicentre distance of 7.82 Km. The story drift and internal drift ratio calculated based on two different methods were then compared to evaluate the resistance capability of the buildings against earthquake forces. If the drift ratio calculated using surface spectral acceleration is greater than the drift ratio calculated using surface acceleration time histories, it means that the building has the capability to resist seismic waves from earthquakes of a specific magnitude and epicentre distance or the buildings is predicted is strong enough to resist an earthquake with a specific scenario. Figure  2(b) shows the internal drift ratio of building B1 using four acceleration time histories and SNI-03-1726-2012 spectral acceleration. As can be seen in Figure 2(b) , the drift ratio calculated using the two-component acceleration time histories of Iwate earthquake 7.82 Km is greater than the internal drift ratio calculated using SNI-03-1726-2012 spectral acceleration. These two figures show good correlation between spectral acceleration and acceleration time histories in producing the internal drift ratio of the building. 
Results and discussion
The inter-story drift of the three buildings, calculated using acceleration time histories, were evaluated based on a combination of magnitude and epicentre distance. Based on Figures 2(a) and 2(b), a modified analysis was performed for building B1 using the Iwate earthquake with an epicentre distance of 11.68 Km. Figure 3(a) shows the comparison of all spectral acceleration for building B1 calculated using SNI-03-1726-2012 and calculated from two-component acceleration time histories of the Chuetsu-oki 9.43 Km, Iwate 11.68 Km, San Simeon 6.97 Km, and Northridge-02 6.61 Km earthquake events. It seems that for building B1, all the spectral acceleration values calculated from the acceleration time histories are less than the SNI-03-1726-2012 spectral acceleration. It can be seen in Figure  3 (b) that internal drift ratio curves calculated from all acceleration time histories are less than or approximately equal to the internal drift ratio calculated using the SNI spectral acceleration. Maximum drift ratio curves obtained from acceleration time histories were measured at building elevations of 10 to 15 m. Although the drift ratio calculated from acceleration time histories at 25 m floor elevation of building B1 is greater than the drift ratio from the spectral acceleration, the amount remained less than the maximum drift ratio at 10 to 15 m floor elevation of building B1. Building B1 is strong enough to resist the Iwate earthquake with a minimum epicentre distance of 11.68 Km. Figure 4 (a) shows all drift ratios for building B2 calculated using the Chuetsu-oki 9.43 Km, Iwate 7.82 Km, San Simeon 6.97 Km, and Northridge-02 6.61 Km earthquake events. Figure 4 (b) shows all drift ratios for building B3 calculated using the Chuetsu-oki 9.43 Km, Iwate 11.68 Km, San Simeon 6.97 Km, and Northridge-02 6.61 Km earthquake events. Building B2 and B3 are strong enough to resist an earthquake having a magnitude of less than 6.9 Mw and an epicentre distance greater than 6.61 Km. 
Conclusions
The resistance of a building in terms of its internal drift ratio when subjected to two components of acceleration time histories may be predicted by comparing the spectral acceleration based on SNI-03-1726-2012 and two components of spectral acceleration time histories at the ground surface. The building has adequate resistance against earthquake when its spectral acceleration based on SNI-03-1726-2012 is greater than the other two components of the spectral acceleration time histories.
Based on the building evaluation carried out for the buildings B1, B2, and B3, it seems that buildings B1 and B3 have the resistance capability to sustain earthquakes with a magnitude of 6 Mw to 6.8 Mw and a minimum epicentre distance of 5 Km. Buildings B1 and B3 also have a resistance capability to resist earthquakes with a magnitude of 6.9 Mw and minimum epicentre distance of 10 Km. Building B2 is strong enough to resist earthquakes with a magnitude of 6 Mw to 6.9 Mw and a minimum epicentre distance of 5 Km.
